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(54) GaN system semiconductor laser device 

(57) A GaN system compound semiconductor dou- 
ble heterostructure in a light emission device comprises 
an active layer (1 ) sandwiched between first and second 
cladding layer (2,3). Those three layers are made of 
GaN system compound semiconductor materials. The 
first, second and third GaN system compound semicon- 
ductor materials have first, second and third hexagonal 
crystal structures of basal planes tilted from a (0001) 
plane by an angle in the range of 0 degree to a few 
degrees, and the basal planes are substantially parallel 
to interfaces of the active layer (1) to the first and sec- 
ond cladding layer (2,3). The GaN system compound 
semiconductor double heterostructure have a pair of 
opposite resonance faces vertical to a direction in which 
a light is emitted, and for each of the first, second and 
third hexagonal crystal structures, a pair of opposite 
planes in the six planes vertical to the basal plane forms 
the opposite resonance faces. 

The double hetrostructure is formed on a GaN epi- 
taxial layer (6) by selective area growth. 
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1 : GalnN/AlGaN MQW active layer 

2 : n-AlGaN cladding layer 

3 : p-AlGaN cladding layer 

4 : n-GaN layer 
5 : p-GaN layer 

6 : n-GaN layer 

7 : GaN buffer layer 
8 : S1O2 mask 

9 : sapphire substrate 
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Description 

The present invention relates to a semiconductor 
laser diode, and more particularly to a laser diode with 
a GaN system semiconductor double-heterostructure s 
emitting a laser beam having a wavelength in a range of 
blue light to ultraviolet ray, which might be useful as a 
light source for high density optical disc devices in a 
generation after next. 

Developments for AIGalnP system high power and 10 
red light emission semiconductor laser diodes have 
been successful as light sources for high density optical 
disc devices in the next generation. The red light emis- 
sion laser diodes are disclosed in Ueno et al. ELEC- 
TRONICS LETTERS 23rd. April 1992 Vol. 28 No. 9 pp. is 
860-861. In order to raise a density of the optical disc, 
short wavelength laser beams such as blue light or 
ultraviolet ray are required in place of long wavelength 
laser beams such as red light. In order to realize such 
. short wavelength laser beams as blue light or ultraviolet 20 
ray, ZnSe system semiconductor laser emission diodes 
or GaN system semiconductor laser emission diodes 
are available. For the former ZnSe system semiconduc- 
tor laser emission diodes, a laser structure has already 
been realized but is likely to be deteriorated in perform- 25 
ances due to crystal defects. That is why it would be dif- 
ficult to consider that the ZnSe system semiconductor 
laser emission diodes are suitable as a light source for 
the high density optical disc in the next generation. 

On the other hand, the latter GaN system semicon- 30 
ductor laser emission diodes are more attractive due to 
its high reliability and high brightness. 

Candela-class high-brightness InGaN/AIGaN dou- 
ble-heterostructure blue-light-emitting diodes are dis- 
closed in S. Nakamura et al. AppL Phys. Lett. 64(13). 35 
pp. 1687-1688. 28 March 1994. FIG. 1 illustrates such 
candela-class high-brightness InGaN/AIGaN double- 
heterostructure blue-light-emitting diode. The laser 
diode is formed on a sapphire substrate 27. A GaN 
buffer layer 25 is grown on the sapphire substrate 27. A <o 
thick n-GaN layer 24 is grown on the GaN buffer layer 
25. An n-electrode 28 is formed on a part of the thick n- 
GaN layer 24. An n-AIGaN cladding layer 22 is grown on 
the other part of the thick n-GaN layer 24. A Zn-doped 
InGaN active layer 21 is grown on the n-AIGaN cladding <s 
layer 22. A p-AIGaN cladding layer 23 is grown on the 
Zn-doped InGaN active layer 21. The Zn-doped InGaN 
active layer 21 is sandwiched between the n-AIGaN 
cladding layer 22 and the p-AIGaN cladding layer 23 to 
form a double heterostructure acting as a resonator. A so 
p-GaN layer 26 is grown on the p-AIGaN cladding layer 
23. A p-electrode 29 is provided on the p-GaN layer 26. 

GaN system compound semiconductors have hex- 
agonal crystal structures, for which reason hexagonal 
crystal structures are likely to be more difficult to form 55 
resonance faces of the resonator in a cleavage method 
than cubic crystal structures. In the prior art. it was diffi- 
cult to realize the structure of the resonator in the light 
emission diodes. Namely, the hexagonal crystal struc- 



tures of GaN system compound semiconductors make 
it difficult to form laser emission diodes with the resona- 
tor made of GaN system compound semiconductors. 

Whereas it was tried to use a dry etching to form 
vertical resonance surfaces of the resonator of the laser 
emission diodes, cutting the hexagonal crystal struc- 
tures of GaN system compound semiconductors is diffi- 
cult due to its high corrosion resistance. 

Alternatively, it was also tried to form ultrathin 
reflective multilayers for a surface emission laser. Need- 
less to say. in this case, precise control of growth of 
ultrathin reflective multilayers is required. Actually, how- 
ever, it is difficult to form precisely ultrathin layers made 
of GaN system compound semiconductors. 

In the above circumstances, it seems difficult to 
achieve a success in forming GaN system compound 
semiconductors actually operational and possessing 
the desired performances. 

Accordingly, it is an object of the present invention 
to provide a GaN system compound semiconductor 
double heterostructure acting as a resonator in a laser 
emission device free from the problems and disadvan- 
tages as described above. 

It is another object of the present invention to pro- 
vide a specific crystal structure of GaN system com- 
pound semiconductors of a double heterostructure 
acting as a resonator in a laser emission device. 

It is still another object of the present invention to 
provide a laser emission device with an improved GaN 
system compound semiconductor double heterostruc- 
ture acting as a resonator. 

It is further another object of the present invention 
to provide a laser emission device with a double heter- 
ostructure acting as a resonator made of GaN system , 
compound semiconductors having a specific crystal 
structure. 

The above and other objects, features and advan- 
tages of the present invention will be apparent from the 
following descriptions. 

The present invention provides a GaN system com- 
pound semiconductor double heterostructure in a light 
emission device. The GaN system compound semicon- 
ductor double heterostructure comprises the following 
three layers. A first cladding layer of a first conductivity 
type is made of a first GaN system compound semicon- 
ductor material having a first energy band gap. An 
active layer is provided in contact with the first cladding 
layer. The active layer is made of a second GaN system 
compound semiconductor material which has a second 
energy band gap being smaller than the first energy 
band gap of the first cladding layer. A second cladding 
layer of a second conductivity type is provided in contact 
with the active layer. The second cladding layer is made 
of a third GaN system compound semiconductor mate- 
rial which has a third energy band gap larger than the 
second energy band gap of the active layer. 

It is important for the present invention that the first, 
second and third GaN system compound semiconduc- 
tor materials have first, second and third hexagonal 



2 



3 



EP 0 743 727 A1 



4 



crystal structures of basal planes tilted from a (0001) 
plane by an angle in the range of 0 degree to a few 
degrees, and the basal planes are substantially parallel 
to interlaces of the active layer to the first and second 
cladding layers. 

In addition, the GaN system compound semicon- 
ductor double heterostructure may have a pair of oppo- 
site resonance faces vertical to a direction in which a 
light is emitted, and for each of the first, second and 
third hexagonal crystal structures, a pair of opposite 10 
planes in the six planes vertical to the basal plane forms 
the opposite resonance faces. 

The present invention also provides a resonator 
structure for emitting a light in a light emission device. 
The resonator structure comprises the following consti- is 
tutional elements. A first compound semiconductor epi- 
taxial layer of a first conductivity type is provided. A first 
electrode is provided to be electrically connected with 
the compound semiconductor epitaxial layer. A GaN 
system compound semiconductor double heterostruc- 20 
ture is selectively provided on the first compound semi- 
conductor epitaxial layer to be spaced apart from the 
first electrode. The GaN system compound semicon- 
ductor double heterostructure comprises the following 
three layers. A first cladding layer of the first conductivity 2s 
type is provided on the compound semiconductor epi- 
taxial layer. The first cladding layer is made of a first 
GaN system compound semiconductor material having 
a first energy band gap. An active layer is provided on 
the first cladding layer. The active layer is made of a 30 
second GaN system compound semiconductor material 
which has a second energy band gap being smaller 
than the first energy band gap of the first cladding layer. 
A second cladding layer of a second conductivity type is 
provided on the active layer. The second cladding layer 35 
is made of a third GaN system compound semiconduc- 
tor material which has a third energy band gap being 
larger than the second energy band gap of the active 
layer. A second compound semiconductor epitaxial 
layer of the second conductivity type is provided on the 40 
second cladding layer. A second electrode is provided 
to be electrically connected with the second compound 
semiconductor epitaxial layer. 

It is important for the present invention that the first, 
second and third GaN system compound semiconduc- 45 
tor materials have first, second and third hexagonal 
crystal structures of basal planes tilted from a (0001) 
plane by an angle in the range of 0 degree to a few 
degrees, and the basal planes are substantially parallel 
to interfaces of the active layer to the first and second so 
cladding layers. 

In addition, the GaN system compound semicon- 
ductor double heterostructure may have a pair of oppo- 
site resonance faces vertical to a direction in which a 
light is emitted, and for each of the first, second and ss 
third hexagonal crystal structures, a pair of opposite 
planes in the six planes vertical to the basal plane forms 
the opposite resonance faces. 



The present invention also provides a light emission 
device comprising the following constitutional elements. 
A semiconductor buffer layer is provided on a substrate. 
A first compound semiconductor epitaxial layer of a first 
conductivity type is provided on the semiconductor 
buffer layer which has first and second areas apart from 
each other. A first electrode is provided on the first area 
of the first compound semiconductor epitaxial layer. A 
GaN system compound semiconductor double heter- 
ostructure is provided on the second area of the first 
compound semiconductor epitaxial layer to be spaced 
apart from the first electrode. The GaN system com- 
pound semiconductor double heterostructure com- 
prises the following three layers. A first cladding layer of 
the first conductivity type is provided on the semicon- 
ductor buffer layer. The first cladding layer is made of a 
first GaN system compound semiconductor material 
which has a first energy band gap. An active layer is pro- 
vided on the first cladding layer. The active layer is 
made of a second GaN system compound semiconduc- 
tor material which has a second energy band gap being 
smaller than the first energy band gap of the first clad- 
ding layer. A second cladding layer of a second conduc- 
tivity type is provided on the active layer. The second 
cladding layer is made of a third GaN system compound 
semiconductor material which has a third energy band 
gap larger than the second energy band gap of the 
active layer. A second compound semiconductor epitax- 
ial layer of the second conductivity type is provided on 
the second cladding layer. A second electrode is pro- 
vided in contact with the second compound semicon- 
ductor epitaxial layer. 

In addition, the GaN system compound semicon- 
ductor double heterostructure may have a pair of oppo- 
site resonance faces vertical to a direction in which a 
light is emitted, and for each of the first, second and 
third hexagonal crystal structures, a pair of opposite 
planes in the six planes vertical to the basal plane forms 
the opposite resonance faces. 

Preferred embodiments of the present invention wilt 
be described in detail with reference to the accompany- 
ing drawings. 

FIG, 1 is a cross sectional elevation view illustrative 
of the conventional InGaN/AIGaN double heterostruc- 
ture laser emission diode. 

FIG. 2A is a view illustrative of a relationship 
between four plane orientations and their Miller indices 
in a hexagonal crystal structure of GaN system com- 
pound semiconductor. 

FIG. 2B is a view illustrative of atomic bonding 
between Group III elements and Group V elements in a 
hexagonal crystal structure of GaN system compound 
semiconductor. 

FIG. 3 is a schematic view illustrative of a laser 
emission device with a double heterostructure acting as 
a resonator made of GaN system compound semicon- 
ductors having a hexagonal crystal structure. 

The present invention provides a GaN system com- 
pound semiconductor double heterostructure in a light 
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emission device. The GaN system compound semicon- 
ductor double heterostructure comprises the following 
three layers. A first cladding layer of a first conductivity 
type is made of a first GaN system compound semicon- 
ductor material having a first energy band gap. An 
active layer is provided in contact with the first cladding 
layer. The active layer is made of a second GaN system 
compound semiconductor material which has a second 
energy band gap being smaller than the first energy 
band gap of the first cladding layer. A second cladding 
layer of a second conductivity type is provided in contact 
with the active layer. The second cladding layer is made 
of a third GaN system compound semiconductor mate- 
rial which has a third energy band gap larger than the 
second energy band gap of the active layer. 

It is important for the present invention that the first, 
second and third GaN system compound semiconduc- 
tor materials have first, second and third hexagonal 
crystal structures of basal planes tilted from a (0001) 
plane by an angle in the range of 0 degree to a few 
degrees, and the basal planes are substantially parallel 
to interfaces of the active layer to the first and second 
cladding layers. 

It is available that the GaN system compound sem- 
iconductor double heterostructure forms a resonator 
having a pair of opposite resonance faces vertical to a 
direction in which a light is emitted, and for each of the 
first, second and third hexagonal crystal structures, a 
pair of opposite planes in the six planes vertical to the 
basal plane forms the opposite resonance faces. In this 
case, it is further available that the pair of opposite 
planes in the six planes vertical to the basal plane com- 
prises (10-10) plane and (-1010) plane. Alternatively, it 
is also available that the pair of opposite planes in the 
six planes vertical to the basal plane comprises (01-10) 
plane and (0-110) plane. Further alternatively, it is also 
available that the pair of opposite planes in the six 
planes vertical to the basal plane comprises (-1100) 
plane and (1-100) plane. 

As illustrated in FIGS. 2A and 2B, the hexagonal 
crystal structure has a basal plane which is tilted from a 
(0001) plane by an angle in the range of 0 degree to a 
few degrees. The (0001) plane may be defined as a 
plane from which three dangling bonds of the Group-V 
element or N are extend upwardly or in an opposite 
direction to the substrate. As illustrated in FIG. 2A f a 
direction vertical to interface of the active layer to the 
first or second cladding layer is defined as an orienta- 
tion (0001). In this case, there are three orientation vec- 
tors (1000). (0100). and (0001). each of which is vertical 
to the orientation (0001). In the hexagonal crystal struc- 
ture, a surface orientation is defined by four Miller indi- 
ces. FIG. 2B illustrates a plane view of the hexagonal 
crystal structure has a basal plane of (0001). Group-Ill 
elements form a top atomic layer of the hexagonal crys- t 
tal on crystal growth. Group-V elements, or N ( form a 
second top atomic layer of the hexagonal crystal on 
crystal growth. Group-Ill elements forming the top 
atomic layer are bonded via three dangling bonds to 



Group-V elements, or N, forming the second top atomic 
layer. 

It will be considered as one example to carry out a 
selective growth of GaN using a mask having an open- 
5 ing of a circle. In this case, a hexagonal pillar of GaN is 
grown, which has a basal plane of (0001 ) and six planes 
vertical to the basal plane wherein crystal a growth rate 
of GaN on the six vertical planes is much slower than a 
crystal growth rate of GaN on the basal plane. That is 
io why a metal organic vapor phase epitaxy is normally 
used to grow a GaN hexagonal crystal structure on a 
Group-V stabilized plane having been formed by sup- 
plying an excess amount of Group-V element gas at an 
initial time interval. On the basal plane (0001), nitrogen 
is atoms as Group-V element forms a stabilized plane 
from which three dangling bonds of each of nitrogen 
atoms are projected upwardly. When Group-Ill elements 
are arrived on the Group-V element plane projecting 
upwardly three dangling bonds of each of nitrogen 
20 atoms, then Group-Ill elements will be bonded at a high 
probability or a high bonding coefficient. By contrast, the 
hexagonal crystal structure of GaN has the six planes 
vertical to the basal plane projecting outwardly two dan- 
gling bonds of each of nitrogen atoms, wherein the six 
2$ vertical planes comprise a (10-10) plane, a (-1010) 
plane, a (01-10) plane, a (0-1 10) plane, a (-1 100) plane 
and a (1-100) plane. Since two dangling bonds of each 
Group-V element. N. are projected from the six vertical 
planes, a bonding probability of Group-Ill elements to 
30 Group-V element on the six vertical plane is lower than 
when Group-Ill elements are bonded to Group-V ele- 
ment on the basal plane. Further there is a possibility 
that Group-Ill elements once bonded to Group-V ele- 
ments on the six vertical planes will be eliminated there-, 
35 from. For those reasons, a probability of bonding 
Group-Ill elements to Group-V elements on the basal 
plane is much higher than a probability of bonding 
Group-Ill elements to Group-V elements on the six ver- 
tical planes. As a result, the hexagonal crystal of GaN 
40 having a basal plane (0001 ) can be grown. 

Further, it is advantageously optional that the first, 
second and third GaN system compound semiconduc- 
tor materials mainly include ones selected from the 
group consisting of GaN, GainN, AIGaN and AIGalnN. 
« it is still further preferable that the first, second and 
third hexagonal crystal structures are identical, and 
basal planes of the first, second and third hexagonal 
crystal structures are parallel to each other and the first. 
It is yet further preferable that the first and third 
50 GaN system compound semiconductor materials of the 
first and second cladding layers are identical with each 
other. 

Furthermore, it is also advantageously optional that 
the active layer comprises a single quantum well layer. 

Alternatively, it is also advantageously optional that 
the active layer comprises multiple quantum well layers. 
In this case, the multiple quantum well layers may com- 
prise alternating laminations of GainN well layers and 
AIGaN potential barrier layers. 
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The present invention also provides a resonator 
structure for emitting a light in a light emission device. 
The resonator structure comprises the following consti- 
tutional elements. A first compound semiconductor epi- 
taxial layer of a first conductivity type is provided. A first 5 
electrode is provided to be electrically connected with 
the compound semiconductor epitaxial layer. A GaN 
system compound semiconductor double heterostruc- 
ture is selectively provided on the first compound semi- 
conductor epitaxial layer to be spaced apart from the 10 
first electrode. The GaN system compound semicon- 
ductor double heterostructure comprises the following 
three layers. A first cladding layer of the first conductivity 
type is provided on the semiconductor buffer layer. The 
first cladding layer is made of a first GaN system com- , 5 
pound semiconductor material having a first energy 
band gap. An active layer is provided on the first clad- 
ding layer. The active layer is made of a second GaN 
system compound semiconductor material which has a 
second energy band gap being smaller than the first 20 
energy band gap of the first cladding layer. A second 
cladding layer of a second conductivity type is provided 
on the active layer. The second cladding layer is made 
of a third GaN system compound semiconductor mate- 
rial which has a third energy band gap being larger than 2 s 
the second energy band gap of the active layer. A sec- 
ond compound semiconductor epitaxial layer of the sec- 
ond conductivity type is provided on the second 
cladding layer. A second electrode is provided to be 
electrically connected with the second compound semi- 30 
conductor epitaxial layer. 

It is important for the present invention that the first, 
second and third GaN system compound semiconduc- 
tor materials have first, second and third hexagonal 
crystal structures of basal planes tilted from a (0001) 35 
plane by an angle in the range of 0 degree to a few 
degrees, and the basal planes are substantially parallel 
to interfaces of the active layer to the first and second 
cladding layers. 

It is available that the GaN system compound sem- 40 
iconductor double heterostructure have a pair of oppo- 
site resonance faces vertical to a direction in which a 
light is emitted, and for each of the first, second and 
third hexagonal crystal structures, a pair of opposite 
planes in the six planes vertical to the basal plane forms 45 
the opposite resonance faces. In this case, it is available 
that the pair of opposite planes in the six planes vertical 
to the basal plane comprises (10-10) plane and (-1010) 
plane. Alternatively, it is also available that the pair of 
opposite planes in the six planes vertical to the basal so 
plane comprises (01-10) plane and (0-110) plane. Fur- 
ther alternatively, it is also available that the pair of 
opposite planes in the six planes vertical to the basal 
plane comprises (-1 100) plane and (1-100) plane. 

As illustrated in FIGS. 2A and 2B, the hexagonal ss 
crystal structure has a basal plane which is tilted from a 
(0001) plane by an angle in the range of 0 degree to a 
few degrees. The (0001) plane may be defined as a 
plane from which three dangling bonds of the Group-V 



element or N are extend upwardly or in an opposite 
direction to the substrate. As illustrated in FIG. 2A. a 
direction vertical to interface of the active layer to the 
first or second cladding layer is defined as an orienta- 
tion (0001). In this case, there are three orientation vec- 
tors (1000), (0100), and (0001), each of which is vertical 
to the orientation (0001 ). In the hexagonal crystal struc- 
ture, a surface orientation is defined by four Miller indi- 
ces. FIG. 2B illustrates a plane view of the hexagonal 
crystal structure has a basal plane of (0001). Group-Ill 
elements form a top atomic layer of the hexagonal crys- 
tal on crystal growth. Group-V elements, or N, form a 
second top atomic layer of the hexagonal crystal on 
crystal growth. Group-Ill elements forming the top 
atomic layer are bonded via three dangling bonds to 
Group-V elements, or N, forming the second top atomic 
layer. 

It will be considered as one example to carry out a 
selective growth of GaN using a mask having an open- 
ing of a circle. In this case, a hexagonal pillar of GaN is 
grown, which has a basal plane of (0001 ) and six planes 
vertical to the basal plane wherein crystal a growth rate 
of GaN on the six vertical planes is much slower than a 
crystal growth rate of GaN on the basal plane. That is 
why a metal organic vapor phase epitaxy is normally 
used to grow a GaN hexagonal crystal structure on a 
Group-V stabilized plane having been formed by sup- 
plying an excess amount of Group-V element gas at an 
initial time interval. On the basal plane (0001), nitrogen 
atoms as Group-V element forms a stabilized plane 
from which three dangling bonds of each of nitrogen 
atoms are projected upwardly. When Group-Ill elements 
are arrived on the Group-V element plane projecting 
upwardly three dangling bonds of each of nitrogen 
atoms, then Group-Ill elements will be bonded at a high 
probability or a high bonding coefficient. By contrast, the 
hexagonal crystal structure of GaN has the six planes 
vertical to the basal plane projecting outwardly two dan- 
gling bonds of each of nitrogen atoms, wherein the six 
vertical planes comprise a (10-10) plane, a (-1010) 
plane, a (01-10) plane, a (0-1 10) plane, a (-1 100) plane 
and a (1-100) plane. Since two dangling bonds of each 
Group-V element, N, are projected from the six vertical 
planes, a bonding probability of Group-Ill elements to 
Group-V element on the six vertical plane is lower than 
when Group-Ill elements are bonded to Group-V ele- 
ment on the basal plane. Further there is a possibility 
that Group-Ill elements once bonded. to Group-V ele- 
ments on the six vertical planes will be eliminated there- 
from. For those reasons, a probability of bonding 
Group-Ill elements to Group-V elements on the basal 
plane is much higher than a probability of bonding 
Group-Ill elements to Group-V elements on the six ver- 
tical planes. As a result, the hexagonal crystal of GaN 
having a basal plane (0001) can be grown. 

It is still further available that the first, second and 
third GaN system compound semiconductor materials 
mainly include ones selected from the group consisting 
of GaN. GalnN, AIGaN and AIGafnN. 
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It is yet further available that the first second and 
third hexagonal crystal structures are identical, and 
basal planes of the first, second and third hexagonal 
crystal structures are parallel to each other and the first. 

It is further more available that the first and third 
GaN system compound semiconductor materials of the 
* ' first and second cladding layers are identical with each 
other. 

It is optional that that the active layer comprises a 
single quantum well layer. 

Alternatively, it is also optional that the active layer 
comprises multiple quantum well layers. In this case, it 
is available that the multiple quantum well layers com- 
prise alternating laminations of GalnN well layers and 
AIGalM potential barrier layers. 

In addition, it is preferable that the first and second 
compound semiconductor epitaxial layers are made of 
GaN system compound semiconductor materials which 
have hexagonal crystal structures of basal planes tilted 
from a (000 1 ) plane by an angle in the range of 0 degree 
to a few degrees, and the basal planes are substantially 
parallel to interfaces of the active layer to the first and 
second cladding layers. In this case, it is further prefer* 
able that the GaN system compound semiconductor 
materials of the first and second compound semicon- 
ductor epitaxial layers mainly include ones selected 
from the group consisting of GaN. GalnN, AIGaN and 
AJGalnN, provided that the first and second compound 
semiconductor epitaxial layers are smaller in energy 
band gap than the first and second cladding layers. 

The present invention also provides a light emission 
device comprising the following constitutional elements. 
A semiconductor buffer layer is provided on a substrate. 
A first compound semiconductor epitaxial layer of a first 
conductivity type is provided on the semiconductor 
buffer layer which has first and second areas apart from 
each other. A first electrode is provided on the first area 
of the first compound semiconductor epitaxial layer. A 
GaN system compound semiconductor double heter- 
ostructure is provided on the second area of the first 
compound semiconductor epitaxial layer to be spaced 
apart from the first electrode. The GaN system com- 
pound semiconductor double heterostructure com- 
prises the following three layers. A first cladding layer of 
the first conductivity type is provided on the semicon- 
ductor buffer layer. The first cladding layer is made of a 
first GaN system compound semiconductor material 
which has a first energy band gap. An active layer is pro- 
vided on the first cladding layer. The active layer is 
made of a second GaN system compound semiconduc- 
tor material which has a second energy band gap being 
smaller than the first energy band gap of the first clad- 
ding layer, A second cladding layer of a second conduc- 
tivity type is provided on the active layer. The second 
cladding layer is made of a third GaN system compound 
semiconductor material which has a third energy band 
gap larger than the second energy band gap of the 
active layer. A second compound semiconductor epitax- 
ial layer of the second conductivity type is provided on 



the second cladding layer. A second electrode is pro- 
vided in contact with the second compound semicon- 
ductor epitaxial layer. 

It is important for the present invention that the first, 
5 second and third GaN system compound semiconduc- 
tor materials have first second and third hexagonal 
crystal structures of basal planes tilted from a (0001) 
plane by an angle in the range of 0 degree to a few 
degrees, and the basal planes are substantially parallel 
w to interfaces of the active layer to the first and second 
cladding layers. 

It is available that the GaN system compound sem- 
iconductor double heterostructure have a pair of oppo- 
site resonance faces vertical to a direction in which a 
is light is emitted, and for each of the first, second and 
third hexagonal crystal structures, a pair of opposite 
planes in the six planes vertical to the basal plane forms 
the opposite resonance faces. In this case, it is also 
available that the pair of opposite planes in the six 
20 planes vertical to the basal plane comprises (10-10) 
plane and (-1010) plane. Alternatively, it is also available 
that the pair of opposite planes in the six planes vertical 
to the basal plane comprises (01-10) plane and (0-1 10) 
plane. Further alternatively, it is also available that the 
25 pair of opposite planes in the six planes vertical to the 
basal plane comprises (-1 100) plane and (1-100) plane. 

As illustrated in FIGS. 2A and 2B, the hexagonal 
crystal structure has a basal plane which is tilted from a 
(0001) plane by an angle in the range of 0 degree to a 
30 few degrees. The (0001) plane may be defined as a 
plane from which three dangling bonds of the Group-V 
element or N are extend upwardly or in an opposite 
direction to the substrate. As illustrated in FIG. 2A, a 
direction vertical to interface of the active layer to the. 
35 first or second cladding layer is defined as an orienta- 
tion (0001). In this case, there are three orientation vec- 
tors (1000), (0100), and (0001), each of which is vertical 
to the orientation (0001). In the hexagonal crystal struc- 
ture, a surface orientation is defined by four Miller indi- 
go ces. FIG. 2B illustrates a plane view of the hexagonal 
crystal structure has a basal plane of (0001). Group-Ill 
elements form a top atomic layer of the hexagonal crys- 
tal on crystal growth. Group-V elements, or N, form a 
second top atomic layer of the hexagonal crystal on 
45 crystal growth. Group-Ill elements forming the top 
atomic layer are bonded via three dangling bonds to 
Group-V elements, or N, forming the second top atomic 
layer. 

It will be considered as one example to carry out a 
so selective growth of GaN using a mask having an open- 
ing of a circle. In this case, a hexagonal pillar of GaN is 
grown, which has a basal plane of (0001 ) and six planes 
vertical to the basal plane wherein crystal a growth rate 
of GaN on the six vertical planes is much slower than a 
55 crystal growth rate of GaN on the basal plane. That is 
why a metal organic vapor phase epitaxy is normally 
used to grow a GaN hexagonal crystal structure on a 
Group-V stabilized plane having been formed by sup- 
plying an excess amount of Group-V element gas at an 
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initial time interval. On the basal plane (0001). nitrogen 
atoms as Group-V element forms a stabilized plane 
from which three dangling bonds of each of nitrogen 
atoms are projected upwardly. When Group-Ill elements 
are arrived on the Group-V element plane projecting 5 
upwardly three dangling bonds of each of nitrogen 
atoms, then Group- III elements will be bonded at a high 
probability or a high bonding coefficient. By contrast, the 
hexagonal crystal structure of GaN has the six planes 
vertical to the basal plane projecting outwardly two dan- 10 
gling bonds of each of nitrogen atoms, wherein the six 
vertical planes comprise a (10-10) plane, a (-1010) 
plane, a (01-10) plane, a (0-110) plane, a (-1 100) plane 
and a (1-100) plane. Since two dangling bonds of each 
Group-V element. N. are projected from the six vertical y5 
planes, a bonding probability of Group-Ill elements to 
Group-V element on the six vertical plane is lower than 
when Group-Ill elements are bonded to Group-V ele- 
ment on the basal plane. Further there is a possibility 
that Group-Ill elements once bonded to Group-V ele- 20 
ments on the six vertical planes will be eliminated there- 
from. For those reasons, a probability of bonding 
Group-Ill elements to Group-V elements on the basal 
plane is much higher than a probability of bonding 
Group-III elements to Group-V elements on the six ver- 2 s 
tical planes. As a result, the hexagonal crystal of GaN 
having a basal plane (0001) can be grown. 

It is still further available that the first, second and 
third GaN system compound semiconductor materials 
mainly include ones selected from the group consisting 30 
of GaN. GalnN. AIGaN and AlGalnN. 

It is yet further available that the first, second and 
third hexagonal crystal structures are identical, and 
basal planes of the first, second and third hexagonal 
crystal structures are parallel to each other and the first. 35 

It is further more available that the first and third 
GaN system compound semiconductor materials of the 
first and second cladding layers are identical with each 
other. 

It is still more. available that the active layer com- 40 
prises a single quantum well layer. 

It is moreover available that the active layer com- 
prises multiple quantum well layers. 

Alternatively, it is also available that the multiple 
quantum well layers comprise alternating laminations of 4S 
GalnN well layers and AIGaN potential barrier layers. In 
this case, it is preferable that the first and second com- 
pound semiconductor epitaxial layers are made of GaN 
system compound semiconductor materials which have 
hexagonal crystal structures of basal planes tilted from so 
a (0001) plane by an angle in the range of 0 degree to a 
few degrees, and the basal planes are substantially par- 
allel to interfaces of the first and second compound 
semiconductor epitaxial layers to the first and second 
cladding layers respectively. In this case, it is more pref- ss 
erable that the GaN system compound semiconductor 
materials of the first and second compound semicon- 
ductor epitaxial layers mainly include ones selected 
from the group consisting of GaN, GalnN, AIGaN and 



AlGalnN. provided that the first and second compound 
semiconductor epitaxial layers are smaller in energy 
band gap than the first and second cladding layers. 
Alternatively, it is still more preferable that the buffer 
layer is made of a GaN system compound semiconduc- 
tor material which has a hexagonal crystal structure of a 
basal plane tilted from a (0001) plane by an angle in the 
range of 0 degree to a few degrees, and the basal plane 
is substantially parallel to an interface of the buffer layer 
to the first semiconductor compound epitaxial layer. In 
this case, it is yet more preferable that the GaN system 
compound semiconductor material of the buffer layer 
mainly includes one selected from the group consisting 
of GaN, GalnN, AIGaN and AlGalnN. In this case, it is 
moreover preferable that the GaN system compound 
semiconductor materials of the buffer layer and the first 
and second compound semiconductor epitaxial layers 
are identical. 

A preferred embodiment according to the present 
invention will be described with reference to FIG. 3. A 
GaN buffer layer 7 is grown at a low growth terrperature 
on a sapphire substrate 9. An n-GaN epitaxial layer 6 is 
thickly grown on the GaN buffer layer 7. A Si0 2 mask 8 
having a stripe-like opening is prepared on a surface of 
the n-GaN epitaxial layer 6. A resonance section of a 
laser device will selectively be formed. The mask 8 is 
aligned so that one of three pairs of opposite planes in 
the six planes vertical to the basal plane, for example. 
(10-10) / (-1010) planes. (01-10) / (0-1 10) planes, and (- 
1 100) / (1-100) planes forms opposite resonance faces. 
The resonance section has a longitudinal length of a few 
hundred micrometers vertical to the resonance faces as 
well as a width of 5 micrometers for allowing a horizontal 
mode control. If the present invention is applied to a 
light emitting diode, the mask is so set that one of the 
above six planes vertical to the basal plane, for exam- 
ple, (10-10) / (-1010) planes. (01-10) / (0-110) planes, 
and (-1 100) / (1-100) planes forms a surface from which 
a light is emitted. An n-GaN layer 4 is grown on the 
selective area of the n-GaN epitaxial layer 6. An n- 
AIGaN cladding layer 2 is grown on the n-GaN layer 4. 
A GalnN/ AIGaN multiple quantum well active layer 1 is 
grown on the n-GaN cladding layer 2. A p-AIGaN clad- 
ding layer 3 is grown on the GalnN/AIGaN multiple 
quantum well active layer 1 to form a double heter- 
ostructure. A p-GaN layer 5 is grown on the p- AIGaN 
cladding layer 3. 

A Si0 2 mask 12 is provided on a side face of the 
double heterostructure before a p-electrode 13 is pro- 
vided. The Si0 2 mask is formed with an opening 10 
before an n-electrode 1 1 is formed so that an electron 
injection in a horizontal direction is carried out. 

It is available to replace the above sapphire sub- 
strate by SiC, ZnO. GaN substrates. 

The above described laser is fabricated as follows. 
A GaN buffer layer 7 is grown on a sapphire substrate 9 
at a temperature of about 500°C. The substrate temper- 
ature is raised up to in the range of 1000°C to 1100°C 
so that an n-GaN epitaxial layer 6 is then grown on the 
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GaN buffer layer 7. A Si0 2 mask 8 having an opening of 
5 x 500 micrometers is provided on the n-GaN epitaxial 
layer 6. An n-GaN layer 4 having a thickness of 0.2 
micrometers is selectively grown by metal organic vapor 
phase epitaxy on the area surrounded by the opening of 5 
the mask 8 at a growth temperature in the range of 
1000°C to 1 100°C. An n-AIGaN cladding layer 2 having 
a thickness of 1 micrometer is grown on the n-GaN layer 
4 by metal organic vapor phase epitaxy at the same 
growth temperature in the range of 1 000°C to 1 1 00°C. A u 
GalnN/AIGaN multiple quantum well active layer 1 is 
grown on the n-AIGaN cladding layer 2 by metal organic 
vapor phase epitaxy at the same growth temperature in 
the range of 1000°C to 1 100°C. The GalnN/AIGaN mul- 
tiple quantum well active layer 1 comprises alternating 1S 
laminations of four GalnN well layers having a thickness 
of 10 nanometers and three AlGaN potential barrier lay- 
ers having a 5 nanometers. A p-AIGaN cladding layer 2 
having a thickness of 1 micrometer is grown on the 
GalnN/AIGaN multiple quantum well active layer 1 by 20 
metal organic vapor phase epitaxy at the same growth 
temperature in the range of 1000°C to 1 100°C. A p-GaN 
layer 5 having a thickness of 0.3 micrometers is grown 
on the p- AlGaN cladding layer 2. 

A Si0 2 mask 1 2 is provided to protect the side por- 2s 
tions of the double heterostructure to prevent any cur- 
rent leakage. A p-electrode 13 is provided in contact 
with the p-GaN layer 5. An opening 10 is formed in the 
Si0 2 mask 12 over the n-GaN epitaxial layer 6 so that 
an n-electrode 1 1 is formed in contact with the n-GaN 30 
epitaxial layer 6. 

The sapphire substrate 1 is cut by dicing the same 
to form a laser device which emits a blue or ultraviolet 
laser beam. 

Whereas modifications of the present invention will 3$ 
be apparent to a person having ordinary skill in the art. 
to which the invention pertains, it is to be understood 
that embodiments as shown and described by way of 
illustrations are by no means intended to be considered 
in a limiting sense. Accordingly, it is to be intended to 40 
cover by claims all modifications which fall within the 
spirit and scope of the present invention. 

Claims 

45 

1. A GaN system compound semiconductor double 
heterostructure in a light emission device, said GaN 
system compound semiconductor double heter- 
ostructure comprising : 

so 

a first cladding layer (2) of a first conductivity 
type being made of a first GaN system com- 
pound semiconductor material having a first 
energy band gap ; 

an active layer (1) being provided in contact ss 
with said first cladding layer (2), said active 
layer (1) being made of a second GaN system 
compound semiconductor material having a 
second energy band gap smaller than said first 



energy band gap of said first cladding layer (2) 
; and 

a second cladding layer (3) of a second con- 
ductivity type being provided in contact with 
said active layer (1), said second cladding layer 
(3) being made of a third GaN system com- 
pound semiconductor material having a third 
energy band gap larger than said second 
energy band gap of said active layer (1), 
characterized in that said first, second and third 
GaN system compound semiconductor materi- 
als have first, second and third hexagonal crys- 
tal structures of basal planes tilted from a 
(0001) plane by an angle in the range of 0 
degree to a few degrees, and said basal planes 
are substantially parallel to interfaces of said 
active layer (1 ) to said first and second cladding 
layer (2.3). 

2. The GaN system compound semiconductor double 
heterostructure as claimed in claim 1 , 

characterized in that said GaN system com- 
pound semiconductor double heterostructure forms 
a resonator having a pair of opposite resonance 
faces vertical to a direction in which a light is emit- 
ted, and 

that, for each of said first, second and third 
hexagonal crystal structures, a pair of opposite 
planes in said six planes vertical to said basal plane 
forms said opposite resonance faces. 

3. The GaN system compound semiconductor double 
heterostructure as claimed in claim 2. characterized 
in that said pair of opposite planes in said six planes 
vertical to said basal plane comprises (10-10) plane 
and (-1010) plane. 

4. The GaN system compound semiconductor double 
heterostructure as claimed in claim 2. characterized 
in that said pair of opposite planes in said six planes 
vertical to said basal plane comprises (01-10) plane 
and (0-110) plane. 

5. The GaN system compound semiconductor double 
heterostructure as claimed in claim 2. characterized 
in that said pair of opposite planes in said six planes 
vertical to said basal plane comprises (-1 100) plane 
and (1-1 00) plane. 

6. The GaN system compound semiconductor double 
heterostructure as claimed in claim 1 , characterized 
in that said first, second and third GaN system com- 
pound semiconductor materials mainly include 
ones selected from the group consisting of GaN. 
GalnN. AlGaN and AIGalnN. 

7. The GaN system compound semiconductor double 
heterostructure as claimed in claim 1 . characterized 
in that said first, second and third hexagonal crystal 
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structures are identical, and basal planes of said 
first, second and third hexagonal crystal structures 
are parallel to each other and the first. 

8. The GaN system compound semiconductor double s 
heterostructure as claimed in claim 1 , characterized 

in that said first and third GaN system corrpound 
semiconductor materials of said first and second 
cladding layer (2,3) are identical with each other. 

ic 

9. The GaN system compound semiconductor double 
heterostructure as claimed in claim 1 , characterized 
in that said active layer (1) comprises a single quan- 
tum well layer. 

is 

10. The GaN system compound semiconductor double 
heterostructure as claimed in claim 1 , characterized 
in that said active layer (1) comprises multiple 
quantum well layers. 

20 

1 1 . The GaN system compound semiconductor double 
heterostructure as claimed in claim 10, character- 
ized in that said multiple quantum well layers com- 
prise alternating laminations of GalnN well layers 
and AIGaN potential barrier layers. 25 

12. A resonator structure for emitting a light in a light 
emission device, said resonator structure compris- 
ing : 

30 

a first compound semiconductor epitaxial layer 
(6) of a first conductivity type ; 
a first electrode (11) being provided to be elec- 
trically connected with said compound semi- 
conductor epitaxial layer (6) ; 35 
a GaN system compound semiconductor dou- 
ble heterostructure being selectively provided 
on said first compound semiconductor epitaxial 
layer (6) to be spaced apart from said first elec- 
trode (11), said GaN system compound semi- 40 
conductor double heterostructure comprising : 

a first cladding layer (2) of said first con- 
ductivity type being provided on said com- 
pound semiconductor epitaxial layer (6), 45 
said first cladding layer (2) being made of a 
first GaN system compound semiconduc- 
tor material having a first energy band gap 

an active layer (1) being provided on said so 
first cladding layer (2), said active layer (1 ) 
being made of a second GaN system com- 
pound semiconductor material having a 
second energy band gap smaller than said 
first energy band gap of said first cladding 55 
layer (2) ; and 

a second cladding layer (3) of a second 
conductivity type being provided on said 
active layer (1), said second cladding layer 



(3) being made of a third GaN system com- 
pound semiconductor material having a 
third energy band gap larger than said sec- 
ond energy band gap of said active layer 
(1). 

a second compound semiconductor epitaxial 
layer (6) of said second conductivity type being 
provided on said second cladding layer (3) ; 
and 

a second electrode (13) being provided to be 
electrically connected with said second com- 
pound semiconductor epitaxial layer (5). 
characterized in that said first, second and third 
GaN system compound semiconductor materi- 
als have first, second and third hexagonal crys- 
tal structures of basal planes tilted from a 
(0001) plane by an angle in the range of 0 
degree to a few degrees, and said basal planes 
are substantially parallel to interfaces of said 
active layer (1 ) to said first and second cladding 
layer (2.3). 

13. The resonator structure as claimed in claim 12. 

characterized in that said GaN system com- 
pound semiconductor double heterostructure have 
a pair of opposite resonance faces vertical to a 
direction in which a light is emitted, and 

that, for each of said first, second and third 
hexagonal crystal structures, a pair of opposite 
planes in said six planes vertical to said basal plane 
forms said opposite resonance faces. 

14. The resonator structure as claimed in claim 13. 
characterized in that said pair of opposite planes in 
said six planes vertical to said basal plane com- 
prises (10-10) plane and (-1010) plane. 

15. The resonator structure as claimed in claim 13. 
characterized in that said pair of opposite planes in 
said six planes vertical to said basal plane com- 
prises (01-10) plane and (0-1 10) plane. 

16. The resonator structure as claimed in claim 13, 
characterized in that said pair of opposite planes in 
said six planes vertical to said basal plane com- 
prises (-1100) plane and (1-100) plane. 

17. The resonator structure as claimed in claim 12, 
characterized in that said first, second and third 
GaN system compound semiconductor materials 
mainly include ones selected from the group con- 
sisting of GaN, GalnN. AIGaN and AIGalnN. 

18. The resonator structure as claimed in claim 12. 
characterized in that said first, second and third 
hexagonal crystal structures are identical, and 
basal planes of said first, second and third hexago- 
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nal crystal structures are parallel to each other and 
the first. 

19. The resonator structure as claimed in claim 12, 
characterized in that said first and third GaN system 5 
compound semiconductor materials of said first 
and second cladding layer (2,3) are identical with 
each other. 

20. The resonator structure as claimed in claim 12. w 
characterized in that said active layer (1) comprises 

a single quantum well layer. 

21. The resonator structure as claimed in claim 12, 
characterized in that said active layer (1 ) comprises is 
multiple quantum well layers. 

22. The resonator structure as claimed in claim 12, 
characterized in that said multiple quantum well lay- 
ers comprise alternating laminations of GalnN well 20 
layers and AIGaN potential barrier layers. 

23. The resonator structure as claimed in claim 12, 
characterized in that said first and second com- 
pound semiconductor epitaxial layers (6,5) are 25 
made of GaN system compound semiconductor 
materials which have hexagonal crystal structures 

of basal planes tilted from a (0001) plane by an 
angle in the range of 0 degree to a few degrees, 
and said basal planes are substantially parallel to 30 
interfaces of said active layer (1) to said first and 
second cladding layer (2,3). 

24. The resonator structure as claimed in claim 23, 
characterized in that said GaN system compound 35 
semiconductor materials of said first and second 
compound semiconductor epitaxial layers (6,5) 
mainly include ones selected from the group con- 
sisting of GaN, GalnN, AIGaN and AIGalnN, pro- 
vided that said first and second compound 40 
semiconductor epitaxial layers (6,5) are smaller in 
energy band gap than said first and second clad- 
ding layer (2,3). 

25. A light emission device comprising : 45 

a substrate (9) ; 

a semiconductor buffer layer (7) being provided 
on said substrate (9) ; 

a first compound semiconductor epitaxial layer so 
(6) of a first conductivity type being provided on 
said semiconductor buffer layer having first and 
second areas apart from each other ; 
a first electrode (11) being provided on said 
first area of said first compound semiconductor 55 
epitaxial layer (6) ; 

a GaN system compound semiconductor dou- 
ble heterostructure being provided on said sec- 
ond area of said first compound semiconductor 



epitaxial layer (6) to be spaced apart from said 
first electrode (11). said GaN system com- 
pound semiconductor double heterostructure 
comprising : 

a first cladding layer (2) of said first con- 
ductivity type being provided on said semi- 
conductor buffer layer (7), said first 
cladding layer (2) being made of a first 
GaN system compound semiconductor 
material having a first energy band gap ; 
an active layer (1) being provided on said 
first cladding layer (2), said active layer (1) 
being made of a second GaN system com- 
pound semiconductor material having a 
second energy band gap smaller than said 
first energy band gap of said first cladding 
layer (2) ; and 

a second cladding layer (3) of a second 
conductivity type being provided on said 
active layer (1), said second cladding layer 
(3) being made of a third GaN system com- 
pound semiconductor material having a 
third energy band gap larger than said sec- 
ond energy band gap of said active layer 
(1). 

a second compound semiconductor epitaxial 
layer (5) of said second conductivity type being 
provided on said second cladding layer (3) ; 
and 

a second electrode (13) being provided in con- 
tact with said second compound semiconduc- 
tor epitaxial layer (5), 

characterized in that said first, second and third 
GaN system compound semiconductor materi- 
als have first, second and third hexagonal crys- 
tal structures of basal planes tilted from a 
(0001) plane by an angle in the range of 0 
degree to a few degrees, and said basal planes 
are substantially parallel to interfaces of said 
active layer (1 ) to said first and second cladding 
layer (2,3). 

26. The resonator structure as claimed in claim 25. 

characterized in that said GaN system com- 
pound semiconductor double heterostructure have 
a pair of opposite resonance faces vertical to a 
direction in which a light is emitted, and 

characterized in that, for each of said first, 
second and third hexagonal crystal structures, a 
pair of opposite planes in said six planes vertical to 
said basal plane forms said opposite resonance 
faces. 

27. The resonator structure as claimed in claim 26. 
characterized in that said pair of opposite planes in 
said six planes vertical to said basal plane com- 
prises (10-10) plane and (-1010) plane. 
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28. The resonator structure as claimed in claim 26. 
characterized in that said pair of opposite planes in 
said six planes vertical to said basal plane com- 
prises (01-10) plane and (0-1 10) plane. 

5 

29. The resonator structure as claimed in claim 26, 
characterized in that said pair of opposite planes in 
said six planes vertical to said basal plane com- 
prises (-1 100) plane and (1-100) plane. 

10 

30. The resonator structure as claimed in claim 25, 
characterized in that said first, second and third 
GaN system compound semiconductor materials 
mainly include ones selected from the group con- 
sisting of GaN, GalnN, AIGaN and AlGalnN. is 

31. The resonator structure as claimed in claim 25, 
characterized in that said first, second and third 
hexagonal crystal structures are identical, and 
basal planes of said first, second and third hexago- 20 
nal crystal structures are parallel to each other and 

the first. 

32. The resonator structure as claimed in claim 25. 
characterized in that said first and third GaN system 2s 
compound semiconductor materials of said first 
and second cladding layer (2.3) are identical with 
each other. 

33. The resonator structure as claimed in claim 25. 30 
characterized in that said active layer (1 ) comprises 

a single quantum well layer. 

34. The resonator structure as claimed in claim 25. 
characterized in that said active layer (1 ) comprises 35 
multiple quantum well layers. 

35. The resonator structure as claimed in claim 25, 
characterized in that said multiple quantum well lay- 
ers comprise. alternating laminations of GalnN well 40 
layers and AIGaN potential barrier layers. 

36. The resonator structure as claimed in claim 25. 
characterized in that said first and second com- 
pound semiconductor epitaxial layers (6.5) are 45 
made of GaN system compound semiconductor 
materials which have hexagonal crystal structures 

of basal planes tilted from a (0001) plane by an 
angle in the range of 0 degree to a few degrees, 
and said basal planes are substantially parallel to so 
interfaces of said first and second compound semi- 
conductor epitaxial layers (6,5) to said first and sec- 
ond cladding layer (2,3) respectively. 

37. The resonator structure as claimed in claim 36, ss 
characterized in that said GaN system compound 
semiconductor materials of said first and second 
compound semiconductor epitaxial layers (6,5) 
mainly include ones selected from the group con- 



sisting of GaN, GalnN, AIGaN and AlGalnN, pro- 
vided that said first and second compound 
semiconductor epitaxial layers (6.5) are smaller in 
energy band gap than said first and second clad- 
ding layer (2.3). 

38. The resonator structure as claimed in claim 36. 
characterized in that said buffer layer (7) is made of 
a GaN system compound semiconductor material 
which has a hexagonal crystal structure of a basal 
plane tilted from a (0001) plane by an angle in the 
range of 0 degree to a few degrees, and said basal 
plane is substantially parallel to an interface of said 
buffer layer (7) to said first semiconductor com- 
pound epitaxial layer (6). 

39. The resonator structure as claimed in claim 38, 
characterized in that said GaN system compound 
semiconductor material of said buffer layer (7) 
mainly includes one selected from the group con- 
sisting of GaN, GalnN, AIGaN and AlGalnN. 

40. The resonator structure as claimed in claim 39, 
characterized in that said GaN system compound 
semiconductor materials of said buffer layer (7) and 
said first and second compound semiconductor epi- 
taxial layers (6.5) are identical. 
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